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Description

[0001] This invention relates to a modular engine.
[0002] Various proposals have been made in the prior
art for equipping a vehicle, whether land borne or water
borne, with two engines which can be selectively used.
One example is the aircraft power system disclosed in
U.S. Patent No. 2 838 913 wherein a dual-propellered
aircraft, turbo-prop power plant has two engines cou-
pled by a transmission including over-running clutches
whereby either one engine can be started, while on the
ground or in flight, by starting one engine and if appro-
priate clutching the second engine to the first.

[0003] The presentinvention has for one object to pro-
vide a single power unit, for static or mobile use, having
more than two interconnectable power modules.
[0004] According to the invention, there is provided a
single engine having at least one output shaft, compris-
ing more than two engine sections each comprising a
power module, means for bolting the engine sections
together in a selected positional relationship, said
means including an enclosed link-up device for selec-
tively coupling any one or any number of engine sec-
tions to the output shaft or shafts, and an engine man-
agement system for controlling the link-up device so
that, in use and according to power requirements, any
one or more engine sections is brought into operation
or is withdrawn from operation, whereby the single en-
gine can utilise power from any one or any two or more
power modules to drive the output shaft or shafts.
[0005] Most commonly, each power module will com-
prise at least one cylinder and a crankshaft, the link-up
device coupling any one, both or all crankshafts to a
common output shaft, whereby to provide a modular in-
ternal combustion engine.

[0006] However, the link-up device could alternatively
be used to link up two or more gas turbines or electric
motors, for example.

[0007] Thus, in accordance with the invention, in the
case of an internal combustion engine, there is provided
a link-up unit, e.g. the aforesaid enclosed link-up device,
in the form of a gear casing incorporating gears for se-
lectively interconnecting a plurality of power outputs, e.
g. a plurality of crankshafts, with the output shaft. Alter-
natively, a casing can be provided incorporating hydrau-
lic pumps which are driven by the respective crankshafts
and are linked by a control valve. When enclosed gear-
ing is employed, clutches may be incorporated to enable
controlled selection of and number of power units in use.
A suitable clutch may be a torque converter, fluid fly-
wheel, centrifugal clutch, hydraulic clutch or spring and
pressure plate.

[0008] In the case of an internal combustion engine,
the cylinder block modules are preferably cast or mould-
ed and are bolted to a crankcase, linked by cooling
tubes. A cylinder block module and crankcase may al-
ternatively be cast or moulded as an integral unit. Wet
or dry liners may be fitted. While the cylinder block mod-

10

15

20

25

30

35

40

45

50

55

ules may have open tops for fitting of cylinder block
heads and associated conventional valves, preferably
the cylinder block modules are closed at the top, but
bored with apertures for the fitting of valve housings, as
later described.

[0009] The crankcase is moulded or cast, preferably
of open web-type construction, with full main housings
drilled for oil passages and returns. Universal drillings
are preferably provided for bolting cylinder block mod-
ules together. Side plates and sumps are preferably in-
corporated and, desirably, the crankshaft swing can ex-
tend partly into a casing cutaway whilst clearing the part-
ing plate.

[0010] The side plate, in particular, can be made in
different sizes and shapes to suit the number of cylinder
block modules and the relative positionings thereof re-
quired for different engines. Thus, any number of en-
gines required for different vehicle models and uses
therof can be produced, all based on the same cylinder
block module.

[0011] As previously mentioned, instead of the cylin-
der block module being open at the top to receive a con-
ventional cylinder head and conventional camshaft op-
erated valves, most preferably a closed top cylinder
block module is employed.

[0012] Thus, in accordance with this feature of the in-
vention, there is provided an internal combustion engine
comprising a cylinder block incorporating at least one
cylinder, wherein the cylinder head is dispensed with,
and instead at least one machined valve housing is bolt-
ed to the cylinder block, the or each valve housing in-
corporating one or more slide valves which control the
intake of fuel or fuel/air mixture through apertures bored
in the wall of the cylinder block.

[0013] A preferred valve comprises a slide valve
housing, valve slide, driving cam for the valve slide and
biassing spring or hydraulic damper for the valve slide.
Servicing is thus made possible in like manner to that of
fuel injectors. The preferred valve system is especially
suitable for gas fuelled vehicles.

[0014] A cylinder block module can be fitted with two,
three or four such valves per cylinder, single or twin cam.
[0015] The invention is further described with refer-
ence to the accompanying diagrammatic drawings, in
which:-

Figure 1 is a perspective view of an engine compris-
ing cylinder block module, crankcase and link-up
unit;

Figure 2 is a plan view of the interior of a link-up
unit, for simplicity for an engine having two cylinder
block modules, but clearly applicable in accordance
with the invention to an engine having more than
two cylinder block modules;

Figure 3 is a view of the interior of the link-up unit;
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Figure 4 shows an engine for simplicity comprising
two cylinder modules, but which in accordance with
the invention could readily comprise more than two
such modules;

Figure 4a shows a modification of the engine of Fig-
ure 4;

Figure 5 is a side view of the engine of Figure 4;

Figure 6 shows part of an engine having a preferred
valve control system; and

Figures 7a to 7d show details of a preferred control
valve.

[0016] Referring to Figure 1, there are shown three
cylinder block modules 10, each comprising one or more
cylinders, bolted together via a crankcase unit 12, one
for each cylinder module, and a link-up unit 14.

[0017] Figures 2 and 3 show the interior of a link-up
unit, for simplicity for an engine having two cylinder
block modules, but clearly such a link-up unit can readily
be modified in accordance with the invention to suit an
engine having three cylinder block modules, as in Figure
1, or four or more cylinder block modules.

[0018] The link-up unit of Figures 2 and 3 shows the
crankshafts 16 of the two cylinder block modules cou-
pled via clutches 18 and coaxial inner and outer shafts
20 to gear trains 22 which couple to an output drive shaft
24. Reference 26 denotes the back plate of the link-up
unit.

[0019] The clutches are automatically controlled by
an engine management system so that either one or
both cylinder block modules are coupled to the output
shaft, depending on the variable power requirements of
the engine when in use.

[0020] Figure 4 shows an engine having three or more
cylinder block modules of which, for simplicity, two such
cylinder block modules 28 are shown bolted together at
30. The cylinder block modules could be integrally
formed each with its crankcase. Figure 4a shows the
versatility of the arrangement, in that according to re-
quirements the cylinder block modules 28 can be inter-
connected in any desired positional relationship, in as-
sociation with appropriate re-arrangement of the link-up
unit.

[0021] Figure 5 shows the engine of Figure 4 in side
view, with the link-up unit 14 on the right.

[0022] Figure 6 shows part of a cylinder block module,
and more especially a preferred valve control system
therefor. Instead of being open topped to receive a cyl-
inder head and conventional camshaft controlled
valves, the top of the module is closed, and fitted with
slide valves 32 controlling the injection of fuel into the
engine. The arrangement is especially suitable for a gas
fuelled engine.

[0023] Figures 7ato 7d show detail of one of the slide
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valves. This comprises a valve housing 34 in which is
incorporated a tapered valve slide 36 controlled by a
cam follower 38 driven by cam 40 on the camshaft and
acting against a spring or hydraulic damper 42. The
valve slide 36 opens and closes apertures 44 bored in
the top wall of the cylinder block module (see also Figure
6).

[0024] More generally, the basic cylindrical block
module can be built with two, three or four valves per
cylinder, fitted on top with single or twin cams, or side
fitted as a crossflow with twin cams. However, conven-
tional valves driven by a conventional camshaft drive
could be employed instead. Cam bearings, cam follow-
ers and valve slides etc. are all oil fed by oil lines pre-
drilled in the valve housings, cylinder block and crank-
case with return channels suitable for all engine mount-
ing positions. In the arrangement shown in Figure 7, the
valves are provided on a machined face of the cylinder
block to which the machined valve housing is bolted; a
dowelled oil feed will line up the holes. The valve is hard-
ened and has two tapers which holds the valve tightly
closed with the spring or hydraulic pressure holding the
plate to the tapers. The valve slide has an adjustable
cam follower in front for adjustment and for operating
the valve when pushed by the cam to open the port by
aligning the hole in the valve plate, housing and cylinder
port. On release, the valve slide is pushed back onto the
tapers holding it closed. Servicing can be carried out by
either unbolting the entire valve unit or removing the
valve plate, in situ, by removing the spring cap and re-
placing any required parts.

[0025] The illustrated link up unit is an enclosed gear
train linked together, but could be fitted with a solenoid
cut out on each of the intermediate gears, which could
operate in the event of damage to any section. Each
crankshaft is fitted with a clutch and sliding gear, but the
latter is optional, depending on type of clutch used. A
torque converter, fluid flywheel, or any other type of
clutch can be employed. The gear train can be variable
to suit requirements, and the output shaft be fitted in a
variety of positions, e.g. high to lower the centre of grav-
ity, and low in marine applications to permit shafts to be
fitted in the keel. Moreover, various numbers of output
shafts can be used, depending on the number of crank-
shafts used.

[0026] Most importantly, computer control technolo-
gy, possibly incorporated in an engine management
system, will enable multiple crankshafts to run at an
identical speed, and to be stopped or brought back into
synchronism as and when required.

[0027] Some of the many advantages are as follows:
[0028] The optional layout of the engine enables de-
signers to lower the centre of gravity, leading to greater
stability and increased safety; also with hydraulic power
the engine could be fitted in any position in order to im-
prove space or accessibility, as well as eliminating the
stress of torque.

[0029] The casting may be manufactured of various
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materials, including some plastics to save weight and
costs. As the crankshafts will be housed as single units
capable of being bolted together, many savings can be
made in production and design as well as in speed and
ease of unit or part-unit replacement; also spares stock-
holding economies.

[0030] By making provision for various mounting po-
sitions only the side plates and sumps need be made
and fitted to allow the units to be adopted in a large
number of applications and in different combinations.
[0031] The engine is capable of running on any fuel
type for which the engine is built, liquid or gas, and by
sump or external oil reservoir and pump, and the pre-
ferred valve system enables considerable space saving
in the overall height of the unit, giving many design ad-
vantages. Moreover, as no head is used with this valve
system, there is no risk of headgasket problems, and
the valves can be changed simply.

[0032] Whereas the drawings in general illustrate in-
ternal combustion engines acting on a four-stroke cycle,
the invention is also applicable to engines operating on
a two-stroke cycle. The illustrated engines also incorpo-
rate camshafts. However, the invention is also applica-
ble to camless engines incorporating unit valve activa-
tors, and to engines wherein the cams are operated by
an electronic unit instead of a cam shaft.

[0033] Finally, the link up concept is also suitable for
use in connecting gas turbine modules or electric power
supplies, i.e. electric motors.

Claims

1. A single engine having at least one output shaft,
comprising more than two engine sections each
comprising a power module (10 or 28), means (12)
for bolting the engine sections togetherin a selected
positional relationship, means including an en-
closed link-up device (14) for selectively coupling
any one or any number of engine sections to the
output shaft or shafts (24), and an engine manage-
ment system for controlling the link-up device so
that, in use and according to power requirements,
any one or more engine sections is brought into op-
eration or is withdrawn from operation, whereby the
single engine can utilise power from any one or any
two or more power modules to drive the output shaft
or shafts.

2. An engine according to claim 1, wherein each en-
gine section comprises a cylinder block module (10)
having at least one cylinder and one crankshaft
(16), the link-up device being adapted selectively to
couple any one, both or all crankshafts to the com-
mon output shaft or shafts, whereby to provide an
internal combustion engine.

3. Anengine according to claim 2, wherein the link-up
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device (14) comprises a gear casing incorporating
gears (22) for selectively interconnecting any of a
plurality of crankshafts with the common output
shaft or shafts.

4. An engine according to claim 3, wherein each cyl-
inder block module (10) is bolted to or integrally
formed with the crankcase.

5. An engine according to claim 4, wherein the crank-
case is of a variable design and is built in size and
shape to suit the number of cylinder block modules
and the relative positionings of the latter required
for different engines.

6. Anengine according to any of claims 2 to 5, wherein
the cylinder block modules (10) are closed at the
top and bored with apertures for the fitting of slide
valve housings (34).

7. An engine according to claim 3, wherein the gears
comprise selectable gear trains (22).

8. An engine according to claim 7, wherein the casing
houses, in conjunction with the gearing, at least one
clutch (18) to enable controlled selection of the
number of power modules in use.

9. An internal combustion engine according to claim
2, comprising a cylinder block incorporating at least
one cylinder, wherein the cylinder head is dis-
pensed with, and instead at least one machined
valve housing is bolted to the cylinder block, the or
each valve housing incorporating one or more slide
valves (32) which control the intake of air for direct
injection and/or fuel or fuel/air mixture through ap-
ertures bored in the wall of the cylinder block.

10. An engine according to claim 9, wherein each valve
comprises a slide valve housing (34), a valve slide
(36), a driving cam (40) for the valve slide and a
biassing spring or hydraulic damper (42) for the
valve slide.

11. Anengine according to claim 9 or claim 10, adapted
to be fuelled by gas.

Patentanspriiche

1. Mindestens eine Abgabewelle aufweisender Ein-
zelmotor mit mehr als zwei Motorabschnitten, deren
jeder ein Leistungsmodul (10 oder 28) umfasst, ei-
ner Vorrichtung (12) zum Verschrauben der Motor-
abschnitte miteinander in einer ausgewahlten Posi-
tionsbeziehung, eine Vorrichtung mit einem ge-
schlossenen Anschlussgerat (14) zum selektiven
Koppeln eines oder einer beliebigen Anzahl von
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Motorabschnitten mit der (den) Abgabewelle(n)
(24) und einem Motor-Management-System zur
Steuerung des Verbindungsgerates in der Weise,
dass in Betrieb und entsprechend dem Leistungs-
bedarf ein beliebiger Motorabschnitt oder mehrere
Motorabschnitte in oder auRer Betrieb gesetzt wer-
den, wobei der Einzelmotor Energie von einem be-
liebigen Leistungsmodul oder beliebigen zwei oder
mehr Leistungsmoduln entnehmen kann, um die
Abgabewelle(n) anzutreiben.

Motor nach Anspruch 1, bei dem jeder Motorab-
schnitt einen Zylinderblock-Modul (10) mit minde-
stens einem Zylinder und einer Kurbelwelle (16)
aufweist, wobei das Anschlussgerat in der Lage ist,
selektiv eine, beide oder alle Kurbelwellen mit der
(den) gemeinsamen Ausgangswelle(n) zu koppeln,
wodurch eine Brennkraftmaschine erzielt wird.

Motor nach Anspruch 2, bei dem das Anschlussge-
rat (14) ein Getriebegehduse mit Getrieberadern
(22) zum selektiven Verbinden einer aus einer Viel-
zahl von Kurbelwellen mit der (den) gemeinsamen
Abgabewelle(n) aufweist.

Motor nach Anspruch 3, bei dem jedes Zylinder-
block-Modul (10) mit dem Kurbelgehduse ver-
schraubt oder mit ihm einstiickig hergestellt ist.

Motor nach Anspruch 4, bei dem das Kurbelgehau-
se eine variable Konstruktion ist und in bezug auf
Gréle und Form so hergestellt ist, dass sie der An-
zahl von Zylinderblock-Modulen und den relativen
Positionierungen der letzteren entsprechend dem
Bedarf fir unterschiedliche Motoren angepasst ist.

Motor nach einem der Anspriiche 2 - 5, bei dem die
Zylinderblock-Modulen (10) an der Oberseite ge-
schlossen sind und Bohréffnungen fir das Einpas-
sen von Gleitventilgehdusen (34) versehen sind.

Motor nach Anspruch 3, bei dem die Getriebe
Wechselgetriebe (22) sind.

Motor nach Anspruch 7, bei dem das Gehause in
Verbindung mit dem Getriebe mindestens eine
Kupplung (18) aufweist, um eine gesteuerte Aus-
wahl der Anzahl von Leistungsmoduln im Einsatz
zu ermdglichen.

Brennkraftmaschine nach Anspruch 2, mit einem
Zylinderblock mit mindestens einem Zylinder, wo-
bei der Zylinderkopf entfallt und stattdessen minde-
stens ein bearbeitetes Ventilgehduse mit dem Zy-
linderblock verschraubt ist, und wobei das oder je-
des Ventilgehause ein oder mehrere Schieberven-
tile (32) aufnimmt, die den Lufteinlass fiir eine di-
rekte Einspritzung von Luft und/oder Brennstoff
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10.

1.

oder Brennstoff/Luft-Gemisch durch die in der Wan-
dung des Zylinderblockes gebohrten Offnungen
steuert.

Motor nach Anspruch 9, bei dem jedes Ventil ein
Schieberventilgehduse (34), einen Ventilschieber
(36), einen Antriebsnocken (40) fir den Ventilschie-
ber und eine Vorspannfeder oder hydraulische
Dampfungsvorrichtung (42) fur den Ventilschieber
aufweist.

Motor nach Anspruch 9 oder 10, ausgelegt fiir den
Betrieb mit Gas.

Revendications

Un moteur simple possédant au moins un arbre
principal, comprenant plus de deux sections motri-
ces, chacune comprenant un module moteur (10 ou
28), un dispositif (12) pour le boulonnage des sec-
tions motrices dans une relation positionnelle sélec-
tionnée, le dispositif incluant un mécanisme de
liaison (14) pour I'accouplement sélectif de n'impor-
te quelle section motrice, et n'importe quel nombre,
a l'arbre de sortie ou aux arbres (24), et un systéme
de gestion de moteur pour la commande du méca-
nisme de liaison de fagon a ce que, en marche et
selon les exigences de puissance, une ou plusieurs
sections motrices soient mises en marche ou stop-
pées, par quoi le moteur simple peut utiliser la puis-
sance provenant de I'un des deux ou plus modules
moteurs pour entrainer l'arbre principal ou les ar-
bres.

Un moteur conformément a la revendication 1, dans
lequel chaque section motrice comprend un module
de bloc de culasse (10) possédant au moins un cy-
lindre et un vilebrequin (16), le mécanisme de
liaison étant adaptée de maniére sélective pour ac-
coupler n'importe quel, les deux ou tous les vilebre-
quins a l'arbre principal ou aux arbres communs,
par quoi assurer un moteur a combustion interne.

Un moteur conformément a la revendication 2, dans
lequel le mécanisme de liaison (14) comprend un
carter d'engrenage incorporant les engrenages (22)
pour l'interconnexion sélective de n'importe quel vi-
lebrequin a l'arbre principal ou aux arbres com-
muns.

Un moteur conformément a la revendication 3, dans
lequel chaque module de bloc de culasse (10) est
boulonné a ou intégré au carter-moteur.

Un moteur conformément a la revendication 4, dans
lequel le carter-moteur est de conception variable
et d'une taille et d'une forme adaptées au nombre
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de modules de bloc de culasse et aux positionne-
ments relatifs des derniers pour différents moteurs.

Un moteur conformément a n'importe laquelle des
revendications 2 a 5, dans lequel les modules de
bloc de culasse (10) sont fermés en haut et alésés
avec des ouvertures pour la fixation des carters des
soupapes a tiroir (34).

Un moteur conformément a la revendication 3, dans
lequel les engrenages comprennent des trains
d'engrenages sélectionnables (22)

Un moteur conformément a la revendication 7, dans
lequel le carter abrite, conjointement avec I'engre-
nage, au moins un embrayage (18) pour assurer la
sélection contrdlée du nombre de modules moteurs
en marche.

Un moteur a combustion interne conformément a la
revendication 2, comprenant un bloc de culasse in-
corporant au moins un cylindre, par quoi la téte du
cylindre est abandonnée, et a la place, au moins un
carter de soupape usiné est boulonné au bloc de
culasse, le ou chaque carter de soupape incorpo-
rant une ou plusieurs soupapes a tiroir (32) qui com-
mandent la prise d'air pour l'injection directe et/ou
le carburant ou le mélange carburant/air via les
ouvertures alésées dans la paroi du bloc de culas-
se.

Un moteur conformément a la revendication 9, dans
lequel chaque soupape comprend un carter de sou-
pape a tiroir (34), un tiroir (36), une came d'entrai-
nement (40) pour le tiroir et un ressort croisé ou un
amortisseur hydraulique (42) pour le tiroir.

Un moteur conformément a la revendication 9 ou
10, adapté au carburant gazeux.
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